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The present invention relates to a method for caching media 
content on a client, comprising organizing media subjects in 
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these adjacent subjects are cached at the client in advance, 
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METHOD FOR DYNAMIC CACHING 

TECHNICAL FIELD 

[0001] The present invention is related to a method for 
providing media contents to a user. More speci?cally, the 
present invention is concerned With hoW to cache data at a 
client When consuming media for improving the media 
experience When the bandWidth is limited. 

TECHNICAL BACKGROUND 

[0002] The de?nition of limited bandWidth depends on the 
media. For example, video sent over Internet today has 
limitations, While text is practically Without limits, as the 
doWnload time is usually negligible compared to the time 
required reading it. Even though the main focus in this text 
is on mobile devices like phones or PDAs the same tech 
niques could be used at higher bandWidths for other types of 
media. 

[0003] There are basically three techniques for caching 
media content accessed over a data netWork, eg the Inter 
net, on a handheld device. 

[0004] 1) Package DoWnload. 

[0005] An example of this approach is the AvantGo sys 
tem, applicable for example With a Palm Pilot device. 

[0006] The user doWnloads and stores (caches) a package 
comprising several media clips, and then navigates among 
these clips. No Internet connection is required during con 
sumption, as the entire package, With all its media contents, 
is doWnloaded and stored in the handheld device. On the 
other hand, the media experience Will be limited to the 
contents of the doWnloaded package. It is costly to include 
extensive media contents, especially if the doWnload is over 
a mobile communication link. 

[0007] 2) Streaming. 
[0008] The user receives a continuous stream of media, 
equivalent to listening to a CD or a radio station. In this case, 
the client is adapted to doWnload one single media clip, and 
playback this clip during doWnload. 

[0009] The simultaneous playback and doWnload is 
accomplished by caching in the clients memory, and requires 
an uninterrupted internet connection, preferably a Wide band 
connection. The user has limited Ways to control the media 
experience, at best a one dimensional navigation, i.e. stop, 
play, back and fast forWard. 

[0010] 3) Web BroWser Caching 

[0011] Although primarily used in stationary clients 
(Workstations), Web broWsing may be implemented in for 
example a WAP-telephone or a GPRS-or UMTS-device, 
connected continuously to a netWork. 

[0012] While providing the user With a dynamic media 
experience, broWsing has the draWback that contents are 
only doWnloaded and cached When the user request them, 
leading to disturbing delays. An accessed Web page (includ 
ing media ?les like pictures) Will normally be saved on the 
client for a speci?ed time in order to speed up future access 
to the same Web page. This does not, hoWever, address the 
problem of delays When requesting neW information. 

Sep. 11, 2003 

[0013] It is clear from the above that an increased dynam 
ics in the media experience (free broWsing) is gained only to 
the price of a unsatisfactory caching procedure, Where the 
caching is alWays one step behind the user. On the contrary, 
access Without caching interruptions, e. g. Wide band stream 
ing or AvantGo type package systems, gives little, if any, 
dynamics in the media experience. Prior art gives no solu 
tion to the problem of providing a satisfying media experi 
ence, Without regular interruption by caching. 

OBJECTS OF THE INVENTION 

[0014] A ?rst object of the invention is to provide a 
method for caching of media contents, enabling the user to 
have a satisfying media experience, With a minimum of 
interruptions. 
[0015] A further object of the invention is to provide a 
method for caching of media content minimiZing the cost for 
a satisfying media experience. 

SUMMARY OF THE INVENTION 

[0016] According to the invention, this and other objects 
are achieved by arranging the media structure to alloW a user 
to request media subjects by navigating from a current 
subject to adjacent subjects in the structure, and to cache 
adjacent subjects at the client in advance, before the user 
requests them. 

[0017] This “pre-caching” is similar to the caching men 
tioned above in relation to Web broWsing, especially When 
revisiting a site that Was recently visited, in Which case 
several “adjacent”, i.e. linked, pages are already cached at 
the client. HoWever, the important difference is that a Web 
broWser never tries to predict Which links (to other Web 
pages) the user Will access and pre-cache these Web pages in 
order to speed up the access to these pages. In fact, in 
normal, unrestricted Web broWsing, this Would be quite 
troublesome. The present invention makes use of the fact 
that the users navigation Within the media structure is 
restricted to a feW directions, thus reducing the number of 
subjects that need to be cached. 

[0018] By doWnloading the adjacent media subjects, the 
user Will get the impression that the entire media structure is 
cached, and Will not experience any doWnload delays, under 
the condition that the adjacent subjects alWays can be 
doWnloaded during the time the user consumes the current 
media subject. 

[0019] In an embodiment of the invention, the method 
further comprises determining, for a subset of subjects in the 
structure, the folloWing factors: 

[0020] distance to the subject from the current sub 
ject, 

[0021] approximated consumption time of any inter 
mediate subjects betWeen the subject and the current 
subject, 

[0022] doWnload time of the subject, 

[0023] and, by Weighting said factors, prioritiZing the 
subjects in said subset and caching subjects in an 
order based on this prioritiZation. 

[0024] When a user navigates in the media structure, 
normally con?gured as a “tree” of pieces of media contents 
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(“subjects”), the users next move is very limited. However, 
even after tWo or three moves, the number of reachable 
points in the tree is large enough to make caching of all these 
pieces of media contents too time consuming to be ef?cient. 
The Weighting of the mentioned factors to form a priority 
order, Will provide for a systematic selection process, 
enabling caching of the “right” media subjects. The factors 
can also include a prediction of Which subjects the user is 
most likely to navigate to. 

[0025] The subjects in the subset can be ordered in a list, 
and the client can cache subjects in this order, to the extent 
there is cache memory available. In the event of insuf?cient 
cache memory, cached subjects outside said subset can be 
identi?ed and erased from the cache memory. It may be 
advantageous to erase consumed subjects before uncon 
sumed. 

[0026] In another embodiment, the method further com 
prises de?ning tWo modes of navigation of the client, a ?rst, 
continuous navigation mode, characteriZed by restricted 
movement betWeen subjects being located adjacent in the 
structure, and a second, discontinuous mode, characteriZed 
by unrestricted movement betWeen subjects, determining 
Which mode of navigation the user is currently using, and 
basing said prediction on the currently used mode of navi 
gation. 
[0027] This functionality improves the intelligent caching 
of subjects, by keeping track of hoW the user navigates, and 
letting this information in?uence the caching procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] These and other aspects of the invention Will be 
apparent from the preferred embodiments more clearly 
described With reference to the appended draWings. 

[0029] FIG. 1 shoWs an example of a handheld mobile 
device, suitable for implementation of the present invention. 

[0030] FIG. 2 shoWs an example of a magaZine structure 
according to the preferred embodiment of the invention. 

[0031] FIG. 3 shoWs a time line of consumption time vs. 
doWnload times. 

[0032] FIG. 4 shoWs a ?oWchart of a caching procedure 
according to the preferred embodiment of the invention. 

[0033] FIG. 5 shoWs a ?oWchart of a caching out proce 
dure according to the preferred embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
CURRENTLY PREFERRED EMBODIMENT 

[0034] The currently preferred embodiment is related to 
the concept of Mediabricks’TM magaZines. This should not 
be regarded as a limitation to the scope of the appended 
claims, but only as an example of a situation Where the 
present invention may be implemented successfully. 

[0035] The client is assumed to be a handheld mobile 
communication device With media playback functionality, 
such as the PDA 1 illustrated in FIG. 1. 

[0036] De?nitions 

[0037] In this description of the preferred embodiment, a 
feW terms are given a special meaning: 
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[0038] 1. Media subject—a piece of media contents, fur 
ther organiZed in different layers. Each subject can have 
audio, video, images, text etc. 

[0039] 2. MagaZine—a collection of media subjects, orga 
niZed in a de?ned media package structure. 

[0040] 3. Current media subject—the subject in the pack 
age structure a user is currently consuming (reading, Watch 
ing, listening to etc). 

[0041] In order to provide a satisfying media experience, 
the user should be able to consume the subjects in the 
structure Without having to Wait for neW subjects to be 
doWnloaded to the mobile device. As mentioned above, one 
Way to avoid interrupts While consuming the data is to load 
everything before it is consumed. The approach With Medi 
abricks’TM magaZines is to: 

[0042] Be on-line While reading, having access to the 
latest information 

[0043] Initially only load the description (structure) 
of the magaZine 

[0044] Only doWnload the subjects that the user 
Wants to consume 

[0045] Load at least a Whole subject before consum 
ing, ie no streaming media. 

[0046] The basic idea is to doWnload neW subjects to the 
device While the current subject is consumed. In other 
Words, the doWnload time of additional subjects is restricted 
to the time a user needs to consume the current media 
subject. The result is similar to streaming, but With improved 
?exibility for the user, and the added complexity of not 
knoWing the next subject or the time the user Will spend on 
the current subject. 

[0047] DoWnload Time 

[0048] The time to doWnload a subject consists of: 

[0049] Request from client to server 

[0050] Time for the server to process the request 

[0051] Result from server to client 

[0052] DoWnload time related to the siZe of the 
subject and the bandWidth 

[0053] Time for the client to cache the result 

[0054] The time for a request to go to the server and an 
empty result to go back is not dependent on the siZe of a 
subject. Neither is the time needed for the server to process 
the request given that the server is reasonable fast. The 
caching time in the client has both a ?xed and siZe dependent 
part. 

[0055] Generally the doWnload time can be seen as a ?xed 
time for each subject and a variable time dependent on the 
siZe. If the ?xed part is a larger than the variable it is better 
trying to cache several subjects in one request to decrease 
the overhead time for each subject. Another thing to consider 
is that the request and results probably are using a packet 
based protocol and it is advantageous to ?ll every packet 
With data instead of using half the packets. In the folloWing 
description it is assumed that the siZe dependent time for a 
request is a lot longer than the ?xed part. When this is not 
the case, eg when using satellite communication With 
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signi?cant initialization times, the described method should 
be slightly adjusted by the skilled man. 

[0056] The load on the network or server has an impact on 
each client. When a mobile user changes carrier, for example 
from a GPRS connection to a radio LAN, the doWnload 
times changes too. The mobile device should adjust the 
expected doWnload time accordingly by keeping statistics 
from earlier doWnloads. By simply measuring the doWnload 
time for the last N doWnloads (again, assuming that the 
smaller ?xed part is negligible), and relating it to the number 
of doWnloaded bytes, an estimated average doWnload rate 
can be determined: 

expected 
meN) 

[0057] Consumption Time 

bytes/second=average(SiZeN/DoWnloadti 

[0058] The consumption time is the time the user is 
expected to spend at each subject. Depending on the media 
type it is more or less predictable: 

[0059] Audio—given in the ?le format, for example 
the length of an mp3-?le, provided of course that the 
user does not fast forWard etc. 

[0060] Text—related to the length of the text, but also 
the reading speed for each user. By collecting sta 
tistics of the user’s reading speed and behavior it 
should be possible to determine a reasonable esti 
mate. 

[0061] Pictures—dif?cult to estimate. An approxima 
tion can be based on user behavior, for example 
average time spent on each picture When broWsing 
an online album With photographs. 

[0062] In reality the expected consumption time Will not 
be exact. A user might jump to another subject before the 
current one is consumed or the estimation could be Wrong. 
Statistical data can be collected to improve the estimation. 
Note that the statistics should ignore very short stops, or 
skips, When the user moves over a subject Without consum 
ing it at all. 

[0063] Navigation Mode 1 

[0064] Navigation in a magaZine can be done by using 
navigation buttons 2 on the PDA 1, intended for this 
purpose. This type of navigation is referred to as mode 1 
navigation. In a typical case, Which Will be further described 
beloW, the PDA has four buttons 2a-a': forWard 2a, backWard 
2b, up 2c and doWn 2d. When navigating in the magaZine 
With these buttons, the user can only move in these four 
directions: forWard—next subject on the same level, back— 
previous subject on the same level, doWn—move to a more 
detailed level, up—move to a more general level. This is 
more restricted movement than in a typical Web broWser, and 
this restriction facilitates an intelligent dynamic caching. By 
knoWing to What subjects the user can navigate to from the 
currently consumed subject, it is possible to predict the next 
subject and doWnload it to the device While the current 
subject is consumed. 

[0065] It is also possible that the PDA also has an auto 
matic mode, in Which the media player automatically con 
tinues to the next subject after a subject is consumed. The 
“next” subject may be de?ned by a predetermined path 
through the magaZine, either decided by the content provider 
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or by user preferences. Automatic mode can be regarded as 
a special case of mode 1 navigation. The magaZines should 
preferably be constructed so the typical consumer is happy 
With the predetermined path and only does a feW explora 
tions into interesting articles. 

[0066] To enhance the media experience, subject are 
cached in the PDA memory 3, and ideally a subject is cached 
just before the user navigates to it. 

[0067] Selection Process 

[0068] FIG. 2 gives an example of a magaZine structure 
With a currently consumed subject, O_current 21. As men 
tioned above, it is possible to move in four directions: 
forWard, backWard, up and doWn. All the subjects that are 
reachable Within tWo moves are shoWn in the structure, and 

are labeled 1_<direction> or 2_<direction1>_<direction2>. 

[0069] In this example, up is assumed to lead to the 
“parent” subject 22, ie the subject on the closest more 
general level leading to the current subject 21. Alternatively, 
up leads to the next subject 23 on the parent level, in Which 
case the user does not need to revisit the subject 22, Which 
has previously been visited. 

[0070] The back direction normally indicates the previous 
subject on the same level, but When the ?rst subject on a 
level is reached, back Will lead to the parent. In the ?gure, 
this is illustrated by the fact that the parent subject 22 can be 
reached by pressing back tWice (2_back_back). 

[0071] The only Way the current subject 21 (O_current) 
could have been reached the ?rst time, ie not through a 
child level, is through the subject 1_back. Therefore, 1_back 
is alWays cached When the user is at O_current. Further, the 
only Way to reach the subjects on the current level is through 
the parent subject 22, Which means that 1_up is also cached. 

[0072] From this folloWs that, if the 1_doWn and 1_for 
Ward subjects are cached for each visited subject, and no 
subjects are cached out, then the subjects 1_back and 1_up 
are already cached for any subject that the user may navigate 
to. In other Words it Will be enough to cache 1_doWn and 
1_forWard, tWo neW subjects, during the time O_current is 
consumed. If there is enough time to do this for every subject 
our goal is achieved, and the user never has to Wait for any 
neW subject to be loaded. 

[0073] If the average consumption time is less than tWice 
the average doWnload time the situation is dif?cult and the 
device Will often be out of data. The magaZines should 
therefore be designed so the average consumption time is 
larger than the doWnload times. The ratio betWeen the 
average consumption time and the doWnload time can be 
used as a measurement of hoW good a magaZine is for 
caching. 

[0074] There Will be errors both in the estimated consump 
tion time and in the doWnload times. A special case of 
consumption time error is When the user chooses not to 
consume a subject, but moves on directly (Zapping). When 
such deviations from the estimations occur, it is possible that 
a subject that is not in the cache Will be reached. By trying 
to cache the subjects more than one step from current subject 
the risk is decreased. The time to load these subjects is the 
remaining time after 1_doWn and 1_forWard has been 
cached (see FIG. 3), ie: 
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consum t1ont1me current — oWn oa time 0075 p ' ' 0_ d 1 d ' 

(1_forWard)—doWnload time (1_doWn). 

[0076] If the caching is extended to tWo steps away from 
the current subject, 6 subjects can be reached in the structure 
in FIG. 2. (Not counting 2_back_back Which is equal to 
1_up). Even if the client memory 3 Were suf?cient to cache 
all these subjects, the consumption time of the present 
subject might be too short for this. Therefore, an intelligent 
selection process is required, Which is implemented in the 
PDA as a softWare 4 controlling the processor 5 and com 
munication interface 6. If the client memory 3 is insuf?cient, 
this requirement is even more evident. 

[0077] Note that such a selection process not should be 
limited to subjects tWo steps aWay from the current subject. 
Rather, the selection should be made unbiased to all factors, 
in order to accomplish a dynamic caching of subjects 
resulting in a satisfying media experience. It might be the 
case that a 3-step subject is selected before a 2-step subject, 
if the circumstances are such. 

[0078] Different selection criteria can be identi?ed for 
determining Which subjects to cache: 

[0079] Steps to the Subject 

[0080] Naturally, as mentioned above, the subjects imme 
diately neXt to the currently consumed subject should alWays 
be cached. After that, the priority is roughly inversely 
proportional to the distance from the current subject. 

[0081] Time to Consumption 

[0082] By adding all the consumption times for all the 
subjects on the path to a subject, the estimated time before 
that subject is needed can be computed. It can be realiZed 
that a subject that is “hidden” behind a closer subject With 
a long consumption time, can be given a loW caching 
priority. It can instead be cached While this closer subject is 
being consumed. 

[0083] DoWnload Time 

[0084] If the doWnload time for a certain subject is long it 
might be better to chose another subject Which Will be 
loaded in time and hope that the user chooses that path. The 
same reasoning could be applied to a string of related 
subjects. 

[0085] Consumption Patterns 

[0086] For certain packages the consumer might folloW a 
similar path each time. This path should be remembered by 
the device by keeping statistics for each subscribed maga 
Zine, so that this path can be prioritiZed. Some users might 
Want to consume all subjects on a particular path before 
moving on to a different path. 

[0087] Preferences 

[0088] Variables in?uencing the consumption may be 
de?ned by the user or the media content provider. Tagging 
by the media subjects may be used to enable the user to 
prioritiZe certain types of subjects. 

[0089] Links 

[0090] Asubject may relate to another subject, possibly in 
a different magaZine, and that a direct link can be built into 
the structure. 
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[0091] Each criteria should have a Weight, ie multiplica 
tion factor, attached to them. Depending on hoW the device 
is used, the Weights should adjust to learn the user’s behav 
ior. By adding the criteria for each subject can the cache 
points can be calculated and the subject With the most cache 
points is the neXt one to be doWnloaded. 

[0092] With reference to FIG. 4, a preferred selection 
process Will noW be described in further detail. 

[0093] First, in step 41, all subjects one step aWay from the 
current subject are cached. As mentioned above, this nor 
mally means maXimum tWo neW cached subjects. 

[0094] In step 42, a number of factors are calculated for a 
subject, and in step 43, a priority is.determined this subject 
by Weighting the different factors: 

[0095] priority= 

[0096] 

[0097] 

[0098] 

[0099] 
[0100] The steps 42 and 43 are repeated for all subjects 
Within N steps from the current subject (step 44), and in step 
45 the resulting priorities are ordered in a sorted list. The 
value of N is dependent upon the available processing 
capacity, and indirectly the available memory. Even if the 
processor can perform the steps 42-45 for all subject Within 
the required time, this Will not improve the selection process 
unless the memory can cache more subjects. 

[0101] In step 46, it is checked if the subject With indeX j 
(the indeX j starting at the top of the list, With the subject 
With the highest priority) is already cached. If this is the 
case, the program control increases j by one (step 47) and 
returns to step 6 and performs the check for the folloWing 
subject. HoWever, if the subject is not cached, program 
control proceeds to step 48, Where it is checked if there is 
enough cache memory available to cache the subject. If this 
is the case, the subject is cached (step 49), and program 
control continues to step 47, Where j is increased, and then 
returns to step 46 again. 

[0102] If there is not enough cache memory in step 48, 
program control proceeds to an cache out routine in steps 
50-55 (cache out=erase previously cached subjects from 
memory). In step 51, it is checked if there are read subjects 
located at least a prede?ned distance “behind” the current 
subject. The direction “behind” is de?ned in a Way so as to 
corresponding to areas of the structure that have been passed 
by the user. The distance should be greater than N steps, ie 
only subjects outside the prioritiZed list are cached out. If 
read subjects are found, one of these is cached out in step 52, 
and program control returns to step 48. OtherWise, in step 
53, it is checked if there are unread subjects located at least 
a prede?ned distance behind the current subject (possibly 
different from the distance in step 50). If so, one of these 
subjects is cached out in step 54, and program control 
returns to step 48. OtherWise, in step 55, the subject at the 
end of the list is cached out and program control returns to 
step 48. 

[0103] It is sometimes advantageous to return all the Way 
to step 42 each time a subject has been cached in or out, as 

W1><time to consumption 

+W2><time for doWnload 

+W3><probability for direct move 

+W4><additional factors. 
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this possibly results in a change in the factors determining 
the priority order. Alternatively, a control is performed each 
time a subject is cached in or out, to ?nd out if a return to 
step 42 is deemed necessary. A third alternative may be to 
return to step 42 at regular intervals, e.g. every 4 cachings. 

[0104] According to this procedure, the memory Will 
eventually be ?lled With the subjects With the highest 
priority as de?ned in step 43. HoWever, the process may be 
interrupted at any time, by the user initiating a move. Each 
time this happens, the program control restarts With step 41. 

[0105] Navigation Mode 2 

[0106] Returning to FIG. 1, the PDA 1 intended for use 
With the MediabrickTM concept may also have means for 
direct navigation, in the case shoWn in FIG. 1 With the use 
of a pointing device 7, such as a pen. When the user moves 
betWeen subjects using such means, the restrictions of the 
magaZine structure are lost, and certain factors mentioned 
above, such as distance to the current subject, become less 
important, as the user may suddenly move to any subject 
available in the structure. Instead, other factors become 
more important for selecting Which subjects should be 
cached, typically factors related to user behavior. 

[0107] According to the preferred embodiment, the client 
is provided With means for determining Which navigation 
mode is being used by the user, and to adapt the caching 
process to the navigation mode. In FIG. 1, this is illustrated 
by a sensor 8, arranged to detect When the pen 7 is removed 
from the PDA 1. 

[0108] Upon removal of the pen 7, the Weights W1-W4 
above are altered in order to increase the importance of eg 
user preferences and consumption patterns. The result is a 
completely different caching strategy, albeit governed by the 
same process, outlined in FIGS. 4-5. In certain cases, it 
might be considered to even cancel the step 41, i.e. to choose 
not to cache immediately neighboring subjects. 

1. Method for caching media content on a client, com 
prising organiZing media subjects in a prede?ned media 
package structure, and doWnloading said structure to the 
client in order for a user to consume the subjects in said 
structure, characteriZed in that the said media structure is 
arranged to alloW a user to request media subjects by 
navigating from a current subject to adjacent subjects in the 
structure, and in that said adjacent subjects are cached at the 
client in advance, before the user requests them. 
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2. Method according to claim 1, comprising determining, 
for a subset of subjects in the structure, the folloWing 
factors: 

distance from the current subject, 

approximated consumption time of any intermediate sub 
jects betWeen the subject and the current subject, 

doWnload time of the subject, 

and, by Weighting said factors, prioritiZing the subjects in 
said subset in a list and caching subjects in an order 
based on this list. 

3. Method according to claim 2, further comprising pre 
dicting Which subjects the user is most likely to navigate to, 
and including this information as a factor When prioritiZing 
the subjects in said subset. 

4. Method according to claim 2-3, further comprising 
determining if there is suf?cient cache memory available in 
the client, and if so caching the neXt subject in said list. 

5. Method according to claim 4, further comprising iden 
tifying cached subjects outside said subset, and erasing such 
subjects from the cache memory. 

6. Method according to claim 5, Wherein consumed 
subjects are erased before unconsumed. 

7. Method according to claim 1-6, Wherein said subset 
comprises all subjects located Within a certain number (N) 
steps from the current subject (21). 

8. Method according to claim 1-7, further comprising 

de?ning tWo modes of navigation of the client, a ?rst, 
continuous navigation mode, characterized by 
restricted movement betWeen subjects being located 
adjacent in the structure, and a second, discontinuous 
mode, characteriZed by unrestricted movement 
betWeen subjects, 

determining Which mode of navigation the user is cur 
rently using, 

basing said prediction on the currently used mode of 
navigation. 

9. Method according to any of the preceding claims, 
Wherein the client is a mobile media playback device. 

10. Method according to any of the preceding claims, 
Wherein said structure is a personaliZed media package 
structure. 


